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i 
ABSTRACT 
 
India is a developing country with a variety of building practices and social and economic 
structure, which needs to evolve its own strategies for seismic hazard evaluation. The last decade 
has pointed to our shortcoming in risk reduction programmes, during the few damaging 
earthquakes. Due to this earthquake alone in India there was immense loss of life and property. 
After this painful loss attention is now being given to the evaluation of the adequacy of strength 
in structures to resist strong ground motions. After Bhuj earthquake IS-1893 was revised and 
published in the year 2002, before this incident it was revised in 1984. The code was first 
published in 1962 as ‘Recommendations for Earthquake Resistant Design of Structure’. The 
main reason for the loss of life and property was inadequacy of knowledge of behavior of 
structures during ground motions. The vulnerability of the structures against seismic activity 
must be essentially studied. The most preferred method for seismic evaluation is Inelastic static 
analysis or Pushover analysis due to its simplicity. Inelastic static analysis procedures include 
Capacity Spectrum Method, Displacement Coefficient Method and the Secant Method. In this 
study we are assessing seismic performance of G+4 regular RCC structure. The structure has 
been evaluated using Pushover Analysis. 
  
(Keywords: Seismic Assessment, Response Spectrum, IS-1893:2002, Pushover Analysis.) 
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1.1 GENERAL 
The term earthquake can be used to describe any kind of seismic event which may 
be either natural or initiated by humans, which generates seismic waves. Earthquakes are 
caused commonly by rupture of geological faults; but they can also be triggered by other 
events like volcanic activity, mine blasts, landslides and nuclear tests. An abrupt release of 
energy in the Earth's crust which creates seismic waves results in what is called an 
earthquake, which is also known as a tremor, a quake or a temblor. The frequency, type and 
magnitude of earthquakes experienced over a period of time defines the seismicity (seismic 
activity) of that area. The observations from a seismometer are used to measure earthquake. 
Earthquakes greater than approximately 5 are mostly reported on the scale of moment 
magnitude. Those smaller than magnitude 5, which are more in number, as reported by the 
national seismological observatories are mostly measured on the local magnitude scale, 
which is also known as the Richter scale.There are many buildings that have primary 
structural system, which do not meet the current seismic requirements and suffer extensive 
damage during the earthquake. According to Seismic Zoning Map of IS-1893-2002, which 
says the region is least probable for earthquakes. At present the methods for seismic 
evaluation of seismically deficient or earthquake damaged structures are not yet fully 
developed. 
Most of the structures in India are low rise structures (upto four storeys). A close 
look at response spectrum from IS 1893 will indicate that short period structures (structures 
with less height) are subjected to large amount of earthquake force. Inspite of this fact most 
of the design engineers ignore severity of the problem subjecting the occupants to a higher 
level of risk during earthquakes. 
The buildings which do not fulfill the requirements of seismic design, may suffer 
extensive damage or collapse if shaken by a severe ground motion. The seismic evaluation 
reflects the seismic capacity of earthquake vulnerable buildings for the future use. 
According to the Seismic Zoning Map of IS: 1893-2002, India is divided into four 
zones on the basis of seismic activities. They are Zone II, Zone III, Zone IV and Zone V. 
The methodologies available so far for the evaluation of existing buildings can be divided 
into 
two categories-(i) Qualitative method (ii) Analytical method. 
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1.2 SCENARIO OF EARTHQUAKE ENGINEERING IN INDIA 
Occurrence of few damaging earthquakes during the last decade has pointed to our 
shortcoming in risk reduction programmes. A meaningful programme must incorporate 
appropriate building codes and also create public awareness. Several initiatives are now 
being taken at research and management levels. An update of these initiatives and steps to 
strengthen disaster mitigation programmes are discussed in this project. 
Earthquakes in different parts of the world demonstrated the disastrous consequences and 
vulnerability of inadequate structures. Many reinforced concrete (RC) framed structures 
located in zones of high seismicity in India are constructed without considering the seismic 
codal provisions. The vulnerability of inadequately designed structures represents seismic 
risk to occupants. 
IS-1893 was initially published in 1962 as ‘Recommendations for Earthquake Resistant 
Design of Structure’ and then revised in 1966. As a result of additional seismic data 
collected in India and further knowledge and experience gained the standard was revised in 
1970, 1975 and then in 1984. After bhuj earthquake it was again revised because of 
extensive loss of life and property and was published in 2002. 
 
1.3 RECENT EARTHQUAKES IN INDIA 
The table 1.1 gives an overview of recent earthquakes in India along with magnitude 
and loss of life and property 
Table 1.1 Recent Earthquakes in India 
Date Time Location Latitude Longitude Deaths Magnitude 
Jan 19, 
1975 
13:32 IST 
Himachal 
Pradesh 
32.46°N 78.43°E 47 6.8 
Aug 21, 
1988 
04:40 IST Udayapur, Nepal 
26.755°
N 
86.616°E ~1000 6.3–6.7 
Oct 20, 
1991 
02:53 IST 
Uttarkashi, 
Uttarakhand 
30.73°N 78.45°E >2,000 7.0 
Sept 30, 
1993 
09:20 IST 
Latur, 
Maharashtra 
18.08°N 76.52°E 9,748 6.2 
May 22, 
1997 
13:41 IST 
Jabalpur, 
Madhya  Pradesh 
23.18°N 80.02°E 39 6.0 
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March 
29, 1999 
00:35 IST 
Chamoli district-
Uttarakhand 
30.408°
N 
79.416°E 
103 
Approx 
6.8 
Jan 26, 
2001 
08:50 IST Gujarat 23.6°N 69.8°E 20,000 7.6/7.7 
Dec 26, 
2004 
09:28 IST 
India Sri Lanka 
Maldives 
3.30°N 95.87°E 283,106 9.1 
Oct 8, 
2005 
08:50 IST Kashmir 
34.493°
N 
73.629°E 130,000 7.6 
Aug 10, 
2009 
01:21 IST Andaman Islands 14.1°N 92.8°E 26 7.7 
Sept 18, 
2011 
18:10 IST Gangtok, Sikkim 
27.723°
N 
88.064°E 118 6.9 
March 5, 
2012 
13:10 IST New Delhi 28.6°N 77.4°E 1 5.2 
April 25, 
2012 
08:45 IST 
Andaman and 
Nicobar Islands 
9.9°N 94.0°E 0 6.2 
March 
21, 2014 
18:41 IST 
Andaman and 
Nicobar Islands 
7.6°N 94.4°E 0 6.7 
April 25, 
2015 
11:41 IST 
Northern India, 
North East India 
28.147°
N 
84.708°E 8900+ 7.8 
April 25, 
2015 
12:19 IST Northern India 
28.193°
N 
84.865°E Aftershock 6.6 
April 26, 
2015 
12:39 IST 
Northern India, 
North East India 
27.794°
N 
85.974°E Aftershock 6.7 
May 12, 
2015 
12:35 IST 
Northern India, 
North East India 
27.794°
N 
85.974°E 121+ 7.3 
June 28, 
2015 
06:35 IST 
Dibrugarh, 
Assam 
26.5°N 90.1°E 0 5.6 
Oct 
26,2015 
09:09 
UTC 
Northern India, 
Pakistan, 
Afghanistan 
36°14’45
”N 
71°50’38”
E 
230+ 7.7 
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Dec 04, 
2015 
22:25 
UTC 
Southeast Indian 
Ridge 
47°37’1”
S 
85°5’28”E 0 7.1 
Dec 15, 
2015 
19:14 
UTC 
Hindu khush 
region and 
Afghanistan 
36°30’N 71°7’55”E 4 6.3 
Jan 03, 
2016 
23:05 
UTC 
Northeastern 
India 
24°48’25
”N 
93°39’4”E 11 6.7 
April 10, 
2016 
10:28 
UTC 
Hindu khush 
region and 
Afghanistan 
36°29’31
”N 
71°9’22”E 6 6.6 
April 13, 
2016 
13:55 
UTC 
Myanmar 
23°7’59”
N 
94°54’E 2 6.9 
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1.4 NEED OF THE PROJECT 
Building designed with older codes are vulnerable to earthquake, it results in 
extensive loss of life and property. It is essential to study the vulnerability of the 
structures against seismic activity. Most of the buildings in the city are designed 
based on the older design codes and hence occupants of those buildings are at risk in 
the event of moderate to strong shaking of earth. Assessment of performance of the 
building during earthquakes will considerably help in mitigating the disaster in a well 
organized manner. It will also help in devising a strategy for strengthening the 
building to meet design requirements as per the revised codes. One of the objective 
of the project is to create awareness among the design engineers about recent 
advancements in earthquake engineering. 
 
 
1.5 ORGANIZATION OF REPORT 
 This introductory chapter (Chapter 1) gives a brief introduction to the importance of 
the seismic evaluation of short period structures and the reason why they are adopted by the 
designers in spite of the fact that they are more vulnerable during earthquake. The need, 
objectives and scope of the proposed work are identified along with the methodology that is 
followed to carry out the work.  
Chapter 2 presents the review of literature on seismic assessment of short period   
structures along with the provisions in the IS 1893 (Part I) : 2002.  
Chapter 3 describes the methodology adopted for doing the seismic assessment. 
Chapter 4 shows the results and discussion after assessing the structure. 
Chapter 5 concludes the topic. 
. 
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2.1 GENERAL 
Recent earthquakes in which many concrete structures have been severely damaged 
or collapsed, have indicated the need for evaluating the seismic adequacy of buildings. 
About 60% of the land area of our country is susceptible to damaging levels of seismic 
hazard. We can’t avoid future earthquakes, but safe building construction practices can 
certainly reduce the extent of damage and loss. This chapter presents review of the literature 
pertaining to seismic assessment of the structures. 
2.2 TECHNICAL PAPERS 
2.2.1 M. Azaz, et.al. (2015)  
This paper emphasizes on pushover analysis on reinforced concrete structure. In 
which G+10 building was subjected to push in x and push in y direction. Analysis was done 
in sap2000 15. Based on the performance point obtain from the analysis we get to know that 
the structure will perform well or not during seismic activities. If the performance points 
obtain from the analysis are within collapse able range the structure will perform well. The 
slope of pushover curve gradually changes with increase of the lateral displacement of the 
building. This is due to the progressive formation of plastic hinges in beams and columns 
throughout the structure. 
From the results obtained in x-direction and y- direction there are nearly 6 elements 
exceeding the limit level between life safety (LS) and collapse prevention(CP). This means 
that the building not requires retrofitting.  
 
Figure 2.1 Load vs. Deformation 
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2.2.2 D. B. Karwar  et.al. (2014) 
The main aim of this study was to understand the behavior of Reinforced Concrete 
framed structures by using nonlinear static procedure (NSP) or pushover analysis in finite 
element software “SAP2000”.and the Comparative study made for different models in terms 
of base shear, displacement, performance point.  
To achieve this objective, two typical new R.C.C. buildings were taken for analysis: 
G+8 and G+12 to cover the broader spectrum medium and high rise building construction. 
Different modeling issues were incorporated through ten model for the same building were; 
bare frame ,having shear wall with and without considering soft storey, infill as X- type 
concrete bracing with and without considering soft storey.   
  It was observed that base shear is minimum for bare frame, and maximum for frame 
with infill for G+8 building. For G+12, the base shear is minimum for bare frame and 
maximum for frame with shear wall.  
The results obtained in terms of demand, capacity and plastic hinges gave an insight 
into the real behavior of structures.  Most of the hinges developed in the beams and few in 
the columns but with limited damage.  
 
Figure 2.2 Typical seismic demand vs. capacity (a) - Safe design (b) - Unsafe design 
 
2.2.3 Mr. Gururaj B. Katti (2014) 
The researchers performed non-linear dynamic analysis of G+10 storied RCC 
building having mass irregularity considering different time histories is carried out. A G+10 
stories building with mass irregularity was modeled for seismic analysis and Bhuj 
earthquake time history and Koyna earthquake time history were used. This paper highlights 
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the effects on floor which has different loads (mass irregularity) in multistoried building with 
time history analysis by ETABS software. 
The parametric study of base shear of building with different stories for Indian 
seismic zone III was performed. It was observed that the displacement obtained by 
Equivalent static analysis were higher than Dynamic analysis such as Response Spectrum 
and Time History Analysis. Equivalent static analysis is not sufficient when buildings are 
irregular buildings and it is essential to provide Dynamic analysis due to non-linear 
distribution of force. The results from Equivalent static analysis, the displacement values are 
higher than Response Spectrum and Time History analysis. It was observed that the values 
of Base Shears obtained from Equivalent static analysis, response spectrum analysis and 
Time history analysis varies in the range of 9469.78 kN to 7789.45 kN and 11412.02 kN to 
7133.57 kN when earthquake is in X direction and Y direction respectively. Equivalent static 
analysis and response spectrum analysis values of base shear comes nearly same, but by time 
history analysis especially for Bhuj decreases by 33% in X direction and by 65 % in Y 
direction, the main reason for this change being due to variable mass at different floors and 
Equivalent static analysis and response spectrum methods fail to catch 
the same. 
 As Time History is realistic method, used for seismic analysis, it provides a better 
check to the safety of structures analyzed and designed as compared to Equivalent static 
analysis and Response spectrum methods. 
 
2.2.4 Saurabh Singha et.al. (2014) 
The modeling of infill walls in the seismic analysis of framed buildings is imperative. 
Indian Standard IS 1893: 2002 allows analysis of open first storey buildings without 
considering infill stiffness but with a multiplication factor 2.5 in compensation for the 
stiffness discontinuity. As per the code the columns and beams of the open ground storey are 
to be designed for 2.5 times the storey shears and moments calculated under seismic loads of 
bare frames (i.e., without considering the infill stiffness). However, as experienced by the 
engineers at design offices, the multiplication factor of 2.5 is not realistic for low rise 
buildings. This calls for an assessment and review of the code recommended multiplication 
factor for low rise open ground storey buildings. 
Therefore, the objective of this study is defined as to check the applicability of the 
multiplication factor of 2.5 and to study the effect of infill strength and stiffness in the 
seismic analysis of open first storey building. 
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Open First Storey buildings are considered as vertically irregular buildings as per IS 1893: 
2002 that requires dynamic analysis considering strength and stiffness of the infill walls. IS 
1893: 2002 also permits Equivalent Static Analysis (ESA) of OGS buildings ignoring 
strength and stiffness of the infill walls, provided a multiplication factor of 2.5 is applied on 
the design forces (bending moments and shear forces) in the ground storey columns and 
beams. 
In study it was shown that the MF based on linear and non linear analysis was in the 
range 1.106-1.1084 for a four storied OFS building, 1.806-1.858 for seven storeyed OFS 
building and 1.959-2.193 for ten storied OFS building. The MF increases with the height of 
the building, primarily due to the higher shift in the time period. 
 
 
Figure 2.3 Soft Story for Parking Space 
 
2.2.5 Aswin Prabhu T (2013) 
A 50-year old four story (8-bay and 3-frame) reinforced concrete structure was 
considered in this study, which lies in Zone II, according to IS 1893:2000 classification of 
seismic zones in India. Masonry infills were considered as non-structural members during 
this entire study. Inelastic static analysis, or pushover analysis, has been the preferred 
method for seismic performance evaluation due to its simplicity. It is a static analysis that 
directly incorporates nonlinear material characteristics. The structure was evaluated using 
Pushover Analysis, a non-linear static procedure, which may be considered as a series of 
static analysis carried out to develop a pushover curve for the building. The structure was 
simulated in SeismoStruct Version 5.2.2 after being designed in STAAD.Pro v8i by 
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considering M15 concrete and Fe250 steel reinforcement. The pushover curve was generated 
by pushing the top node of structure to the limiting displacement and setting appropriate 
performance criteria. The target displacement for the structure was derived by bilinearization 
of the obtained pushover curve and subsequent use of Displacement Coefficient Method 
according to ASCE 41-06. 
The analysis was then carried out for 150% of the calculated target displacement for 
the structure to observe the yielding of the members and the adequacy of the structural 
strength. The extent of damage experienced by the structure at the target displacement was 
considered representation of the damage that would be experienced by the building when 
subjected to design level ground shaking. 
Taking into account the low level of seismicity of Rourkela and the characteristic 
features of the structure and using ASCE 41-06, the target displacement were calculated. 
Upon loading the structure to the calculated base shear and limiting the displacement of 
control node, the pushover analysis reveals the structure is SAFE and hence the building 
does not need to be retrofitted. 
 
2.2.6 Shambhu Nath Mandal (2013) 
The majority of buildings that failed during the Bhuj earthquake (2001) and Gujraat 
earthquake were of the open ground storey type. The sudden reduction in lateral stiffness and 
mass in the ground storey results in higher stresses in the columns of ground storey under 
seismic loading. In conventional design practice, the contribution of stiffness of infill walls 
present in upper storeys of OGS framed buildings are ignored in the structural modelling 
(commonly called bare frame analysis). Design based on such analysis, results in under-
estimation of the bending moments and shear forces in the columns of ground storey, and 
hence it may be one of the reasons responsible for the failures observed. The MF value 
however does not account for number of storeys, number of bays, type and number of infill 
walls present, etc and hence it is independent of all of the above factors. 
The objective of present study was the study of comparative performance of OGS 
buildings designed according to various MFs using nonlinear analysis. The variations in the 
type of the infill walls using in Indian constructions are significant. Depending on the 
modulus of elasticity and the strength, it can be classified as strong or weak. The two 
extreme cases of infill walls, strong and weak are considered in the study.  Depending on the 
foundations resting on soft or hard soils, the displacement boundary conditions at the bottom 
of foundations can be considered as hinged or fixed. As the modeling of soils is not in the 
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scope of the study, two boundary conditions, fixed and hinged, that represent two extreme 
conditions are considered. 
The highest deformation can be seen in the case of frame designed with MF 2.5 
which is about 90 mm whereas for others it’s maximum up to 75 mm only. 
 
a) Infilled frame    b) Deformed frame   c) Equivalent strut model 
Figure 2.4 Showing behavior of infilled frame building 
 
 
 
 
       Figure 2.5 Showing the behavior of infill frame 
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Figure 2.6 Showing pushover curve 
 
2.2.7 M.Mouzzoun1, et.al. (2013) 
In this paper author’s proposed to assess seismic performance of a five storey 
reinforced concrete building designed according to the Moroccan seismic code RPS2000[1]. 
The building is residential and has a reinforced concrete frame structural system. In the first 
time a set of dynamic analysis are carried out to compute dynamic properties of the building 
(fundamental period, natural frequencies, deformation modes,) in the second time a pushover 
analysis was performed to assess the seismic performance of the building and detect the 
locations of the plastic hinges. Pushover analysis was performed using SAP2000. the results 
obtained from this study show that designed building perform well under moderate 
earthquake, but is vulnerable under severe earthquake. 
 
Figure 2.7 Construction of pushover curve 
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Figure 2.8(a) Plastic hinges IO under moderate shaking (b) Plastic hinges LS under severe 
shaking 
 
 
 
 
2.2.8 Ankur Agrawal (2012) 
The objective was to evaluate an existing building for earthquake performance. 
Firstly preliminary evaluation was done and then detailed evaluation was carried out. For 
applying earthquake loads, equivalent static lateral force method is used according to IS 
1893(Part 1):2002. The Demand Capacity Ratio (DCR) was carried out for beams and 
columns in order to evaluate the member for seismic loads. Since the reinforcement details 
of the building were not available as it was more than 50 years old, Design-1 is prepared 
applying only DEAD and LIVE loads according to IS 456:2000. This helps in estimating the 
reinforcement present in the building and in assuming that this much reinforcement is 
present. In Design-2 seismic loads were applied and from this demand obtained from design-
2 and capacity from design -1, the DCR was calculated. If demand is more than capacity, the 
member fails and vice versa. STAAD-Pro V8i was used for loading and designing the 
building. 
The results obtained from detailed analysis shows the deficiency of building towards 
the earthquake loads. The members may fail in case of seismic activities in future. As per the 
results obtained, evaluation suggests that the frame needs to be strengthened and retrofitted. 
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Figure 2.9 Seismic Zoning Map of India 2002 
 
2.2.9 Narender Bodige, et.al. (2012) 
The objective of this paper was to compare pushover response of ductile and non-
ductile frames using AEM (Applied Element Method). Pushover analysis is non linear static 
analysis, a tool for seismic evaluation of existing structures. In the present case study a 1 x 1 
bay four storied building is modeled using AEM. 
Gravity loads and laterals loads as per IS 1893-2002 are applied on the structure and 
designed using IS 456 and IS 13920. Displacement control pushover analysis is carried out. 
The effect of ductile detailing, change in grade of concrete and bar sizes in columns is also 
compared. 
The pushover curves were compared. As an observation it was found that AEM give 
good representation capacity curve. From the case studies it was found that capacity of the 
building significantly increases when ductile detailing is adopted. Also, it was found that 
effect on concrete grade and also steel are not that significant.  
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Figure 2.10 Non ductile detailing Load vs displacement curve 
 
2.2.10 Sukumar Behera(2012) 
This study highlights the importance of explicitly recognizing the presence of the 
floating column in the analysis of building. Alternate measures, involving stiffness balance 
of the first storey and the storey above, were proposed to reduce the irregularity introduced 
by the floating columns. 
FEM codes were developed for 2D multi storey frames with and without floating 
column to study the responses of the structure under different earthquake excitation having 
different frequency content keeping the PGA and time duration factor constant. The time 
history of floor displacement, inter storey drift, base shear, overturning moment were 
computed for both the frames with and without floating column. 
The behavior of multistory building with and without floating column was studied 
under different earthquake excitation. The compatible time history and Elcentro earthquake 
data has been considered. The PGA of both the earthquake has been scaled to 0.2g and 
duration of excitation were kept same. A finite element model has been developed to study 
the dynamic behavior of multi story frame. The static and free vibration results obtained 
using present finite element code were validated. The dynamic analysis of frame was studied 
by varying the column dimension. It was concluded that with increase in ground floor 
column the maximum displacement, inter storey drift values were reducing. The base shear 
and overturning moment vary with the change in column dimension. 
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2.2.11 Praval Priyaranjan (2012) 
In the present study an attempt was made to evaluate an existing building located in 
Guwahati (seismic zone V) using equivalent static analysis. Indian Standard IS-1893:2002 
(Part-1) was followed for the equivalent static analysis procedure. Building was modeled in 
commercial software STAAD Pro. Seismic force demand for each individual member was 
calculated for the design base shear as required by IS-1893:2002. Corresponding member 
capacity was calculated as per Indian Standard IS456:2000. Deficient members were 
identified through demand-to-capacity ratio. A number of beams and column elements in the 
first floor of the present building were found to be deficient that needs retrofitting. A local 
retrofitting strategy was adopted to upgrade the capacity of the deficient members. This 
study showed that steel jacketing is an efficient way to retrofit RC members to improve 
flexure as well as shear capacity. 
The results for first floor beams and a large sample of columns showed that a number 
of beams and all the foundation columns checked were found to be deficient under the 
applied seismic load combinations. Number of beams failing under flexure was more than 
the number of beams failing under shear. The DCR of columns under biaxial bending 
gradually decreased with height, although it was greater than one in most of the cases. 
For providing retrofit measures for the deficient members, concrete jacketing was found to 
be a suitable method for retrofitting of columns. It was also concluded that steel plating 
would be an efficient method of retrofitting of a number of deficient beams. 
 
Figure 2.11 A typical design spectrum 
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Figure 2.12 Response spectra for rock and soil sites for 5% damping 
 
2.2.12 K Rama Raju, et.al. (2012) 
In this paper, a typical 6-storey reinforced concrete (RC) building frame was 
designed for four design cases as per the provisions in three revisions of IS: 1893 and IS: 
456 and it was analysed using user-defined (UD) nonlinear hinge properties or default-hinge 
(DF) properties, given in SAP 2000 based on the FEMA-356 and ATC-40 guidelines. An 
analytical procedure was developed to evaluate the yield, plastic and ultimate rotation 
capacities of RC elements of the framed buildings and these details were used to define user-
defined inelastic effect of hinge for columns as P-M-M and for beams as M3 curves. A 
simplified three parameter model was used to find the stress–strain curves of RC elements 
beyond the post yield region of confined concrete. 
Building performance of structural components in terms of target building 
performance levels were studied with the nonlinear static analysis. The possible differences 
in the results of pushover analysis due to default- and user-defined nonlinear component 
properties at different performance levels of the building were studied. 
Authors used nonlinear stress–strain curves for confined concrete and user-defined 
hinge properties as per CEN Eurocode 8. The acceptance criteria with reference to the three 
performance levels such as IO, LS and CP are prerequisite for estimation of inelastic 
member as well as global structural behaviour. The present analysis involved two steps; (i) 
force-controlled to obtain the stresses under gravity loads, (ii) the stressed structure, then 
was analysed for displacement-control option till target displacement was achieved. The 
capacity curves representing the relationship between the base shear and displacement of the 
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roof is a convenient representation, can be easily followed by an engineer for various 
retrofitting strategies. The capacity curves were converted to corresponding capacity spectra 
using Acceleration-Displacement Response Spectra (ADRS) format and overlapped with 
code conforming Design Basis Earthquake (DBE) and Maximum Considered Earthquake 
(MCE) demand spectra of IS: 1893–2002 to obtain the performance points. A significant 
variation was observed in base shear capacities and hinge formation mechanisms for four 
design cases with default and user-defined hinges at yield and ultimate. This may be due to 
the fact that, the orientation and the axial load level of the columns cannot be taken into 
account properly by the default-hinge properties. Based on the observations in the hinging 
patterns, it is apparent that the user-defined hinge model is more successful in capturing the 
hinging mechanism compared to the model with the default hinge. 
 
2.2.13 Rakesh K. Goel (2011) 
This paper compares the target displacement estimate from four current nonlinear 
static procedures—FEMA-356 CM, ASCE-41 CM, ATC-40 CSM, and FEMA-440 CSM—
with the value derived from recorded motions of five strongly shaken reinforced concrete 
buildings.This comparison provides useful insight into two important questions: (1) how 
much does the target displacement vary among the four nonlinear static procedures? and (2) 
can the engineering profession “accurately” predict the response of a real building during an 
earthquake event using currently available modeling techniques and pushover analysis 
procedures? It is shown that these procedures may lead to significantly different estimates of 
the target displacement, particularly for short-period buildings responding in the nonlinear 
range. Furthermore, various nonlinear static procedures applied to nonlinear models 
developed using generally accepted engineering practice provide either significant over 
estimation or under estimation of the target roof displacement when compared to the value 
derived from recorded motions. 
The models of selected buildings utilized in this investigation were developed using 
generally accepted engineering practice. These models were validated but not intentionally 
calibrated against the recorded data. This comparison had led to the following conclusions. 
The nonlinear static procedures may lead to significantly different estimates of target 
displacement, particularly for short-period buildings responding in the nonlinear range; the 
largest variation noted in this investigation approached 28% for the Imperial County 
Services building. The variation was much smaller for long-period buildings responding in 
the nonlinear range. These observations are unlikely to be affected by the inaccuracies 
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associated with modeling errors because the same model was used during implementation of 
these procedures. 
It is useful to note that poor estimates of target displacement for a few of the 
buildings from the various pushover analysis procedures may be due to severe near fault. 
The large errors noted here are also because of a combination of errors due to nonlinear 
static procedures and inaccuracies associated with nonlinear modeling. 
 
Figure 2.13 Material models used for nonlinear analysis. 
 
 
Figure 2.14 Percent error in peak roof displacements from the FEMA-356 CM, ASCE-41 
CM, ATC-40 CSM, and FEMA-440 CSM. 
The data presented in this investigation also provides a comparative prediction capability of 
various nonlinear static procedures. Although limited in size, this data indicates that (1) the 
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ASCE-41 CM, which is based on recent improvements to the FEMA-356 CM suggested in 
FEMA-440 document, does not necessarily provide better prediction of roof displacement, 
(2) the improved FEMA-440 CSM also may not provide better prediction of peak roof 
displacements compared to the ATC-40 CSM, and (3) there is no conclusive evidence that 
the CM procedures (FEMA-356 or ASCE-41) provide better predictions of the peak roof 
displacement compared to the CSM procedure (ATC-40 or FEMA-440) or vice-versa. 
 
2.2.14 Saptadip Sarkar (2010) 
The analysis of simple 2-D frames of varying floor heights and varying no of bays 
using a very popular software tool STAAD Pro was done. In addition to that the detailed 
study of seismology was undertaken and the feasibility of the software tool to be used was 
also checked. To create a technical knowhow, two similar categories of structures were 
analyzed, first on plane ground and another on a sloping ground. Then the results were 
compared. At last the a structure would be analyzed and designed on sloping ground for all 
possible load combinations pertaining to IS 456, IS 1893 and IS 13920 manually. 
The tasks of providing full seismic safety for the residents inhabiting the most earthquake-
prone regions are far from being solved. However in present time we have new regulations 
in place for construction that greatly contribute to earthquake disaster mitigation and are 
being in applied in accordance with world practice. 
In the regulations adopted for implementation in India the following factors have been found 
to be critically important in the design and construction of seismic resistant buildings: 
 Sites selection for construction that are the most favourable in terms of the frequency 
of occurrence and the likely severity of ground shaking and ground failure; 
 High quality of construction to be provided conforming to related IS codes such as IS 
1893 , IS 13920 to ensure good performance during future earthquakes. 
 To implement the design of building elements and joints between them in accordance 
with analysis .i.e. ductility design should be done. 
 Structural-spatial solutions should be applied that provide symmetry and regularity in 
the distribution of mass and stiffness in plan and in elevation. 
 Whereas such the situations demands irregularity maximum effort should be given to 
done away with the harmful effects like that of “ SHORT COLUMN EFFECT” 
Researchers indicate that compliance with the above-mentioned requirements will 
contribute significantly to disaster mitigation, regardless of the intensity of the seismic loads 
and specific features of the earthquakes. These modifications in construction and design can 
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be introduced which as a result has increase seismic reliability of the buildings and seismic 
safety for human life. 
 
Figure 2.15 Short columns in buildings on a sloping ground and buildings with a mezzanine 
floor 
2.2.15 Ioannis P. Giannopoulos (2010) 
In this paper a typical existing five-story RC frame which has been designed for 
moderate seismicity according to the past generation of Greek seismic codes is investigated. 
A non-linear static (pushover) analysis was carried out for the building using SAP 2000 and 
the ultimate capacity of the building was established. Few critical sections were selected and 
the rotational ductility supply at various limit states as predicted by FEMA 356 and Annexe 
A of EC8 Part 3 was calculated. The two predictions were compared with each other and 
with results from the SAP2000 analysis. The outcome of this paper was to provide useful 
information for further development of Eurocode 8. 
From the curves of hinge plastic rotation supply for FEMA and EC8 it was observed 
that for beams the EC8 limit states are increasing with roof displacement, while in columns 
they remain almost constant. Additionally the EC8 NC limit state values for beams are less 
than the corresponding FEMA CP values, while in columns it is the opposite. The same 
applies for the SD EC8 and LS FEMA limit states. 
The resulting θy values from Equation 5 of EC8 consist of three terms accounting for 
flexure, shear, and anchorage slip of bars respectively. It was observed that the first term is 
roughly equal to 60% of the sum of all terms. Comparison of values from Equation 5 & 6 
shows almost exact values and therefore the two equations are correctly given by EC8 as 
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alternative and equivalent. Another point that it was noticed that θy remains practically 
constant in all deformation steps. 
For columns the resulting θu values from Equation 4 are slightly less (93%) than 
those from Equation 1 and therefore are correctly given by EC8 as alternative and 
equivalent. Also the resulting θpl values from Equation 3 and from θu (from 1) minus θy 
(from 5) are practically the same. 
 
(Immediate Occupancy)     (Collapse Prevention) 
 
Figure 2.16 Steps at which limit states IO, LS and CP of plastic hinges 
are reached and corresponding values on pushover curve 
 
On the other hand, for beams the resulting θu values from Equation 4 are 
approximately 40% of those from Equation 1 and therefore are not correctly given by EC8 as 
alternative and equivalent. The Equation 4 includes φu and φy parameters which are for 
beams 6 and 2 times respectively the corresponding values for columns, while Equation 1 
does not contain φu and φy parameters. Therefore it seems that Equation 4 needs 
reassessment. Also the resulting θpl values from Equation 3 and from θu (from Eq. 1) minus 
θy (from Eq. 5) are different for the same reasons as previous and this needs reassessment. 
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2.2.16 R.K. Goel (2008) 
This paper evaluates the nonlinear static procedures specified in the FEMA-356, 
ASCE/SEI 41-06, ATC-40, and FEMA-440 documents for seismic analysis and evaluation 
of building structures using strong-motion records of reinforced concrete buildings. For this 
purpose, maximum roof displacement predicted from the nonlinear static procedure was 
compared with the value “derived” directly from recorded motions. It was shown that: (1) 
the nonlinear static procedures either overestimate or underestimate the peak roof 
displacement for several of the buildings considered in this investigation; (2) the ASCE/SEI 
41-06 Coefficient Method (CM), which is based on recent improvements to the FEMA-356 
CM suggested in the FEMA-440 document, does not necessarily provide better estimate of 
the roof displacement; and (3) the improved FEMA-440 Capacity Spectrum Method (CSM) 
generally provides better estimates of the roof displacement compared to the ATC-40 CSM. 
However, there is no conclusive evidence of either the CM procedures (FEMA-356 or 
ASCE/SEI 41-06) or the CSM procedure (ATC-40 or FEMA-440) leading to better estimate 
of the peak roof displacement when compared with the value derived from recorded motions. 
It must be emphasized that the NSPs are typically designed to be used with smooth 
spectrum. Ideally, these procedures must be evaluated using a suite of design spectrum 
compatible ground motions, a wide range of buildings, and statistical analysis of results. 
Although, the evaluation of various NSPs in this investigation is conducted based on limited 
data – five buildings and one set of strong motion records for each building – and this 
investigation has led to some useful observations, it is still not possible to draw definitive 
conclusions about all aspects of various NSPs. More definitive conclusions may be drawn as 
additional data becomes available in future. 
 
2.2.17 Rasmi Ranjan Sahoo (2008) 
The aim of this project work was to present a detailed worked out example on 3 
dimensional seismic analysis and capacity based design of five storied-three bay reinforced 
concrete frame. 
Capacity based earthquake resistant design is futuristic approach to design of 
reinforced concrete structures especially for multi-bay multi storied reinforced concrete 
buildings. This concept is to restrict the formation of plastic hinges in the beams only hence 
collapse occurs through the beam mechanism only, which localize the failure and hence 
leads to less destruction and loss of lives.  Collapse due to sway mechanism can cause failure 
of a storey or whole frame. As its approach is to eliminate sway mechanism by making 
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columns stronger than beams, this method is very effective in design of soft-storey frames. 
This method also eliminates the possibility of shear mode of failure (which is brittle by 
nature hence failure occurs suddenly) by making shear capacity of elements more than their 
moment capacity. 
 
Figure 2.17 Failure of floating column 
Compared with the conventional design methods for earthquake resisting structures 
although this method is little costlier but is more effective in resisting the earthquake forces. 
This method of design is more realistic because the calculations are based on provided 
reinforcement and the over strength of the structure which takes into account the reserve 
strength beyond elastic limit. As the building can be reused after minimal repairs after 
occurrence of earthquake hence this method of design should be adopted for public utility 
buildings like schools, colleges, hospitals etc. 
This work can be further verified and checked by performing any non linear analysis 
on the modified frame. 
 
2.2.18 Rakesh K. Goel  et.al. (2007)  
This study evaluates current Nonlinear Static Procedures (NSPs) specified in the 
FEMA356, ASCE-41, ATC-40, and FEMA-440 documents using strong-motion data from 
reinforced-concrete buildings. For this purpose, three-dimensional computer models of five 
reinforced concrete buildings – Imperial County Services Building, Sherman Oaks 
Commercial Building, North Hollywood Hotel, Watsonville Commercial Building, and 
Santa Barbara Office Building – are developed. When appropriate, springs at the building’s 
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base are included to account for the soil-structure interaction effects. These buildings were 
selected because they were strongly shaken, several deformed beyond their linear-elastic 
range, during past earthquakes and their recorded motions are available. The recorded 
motions were interpolated to obtain motions at non-instrumented floors. These motions were 
used to derive seismic demands – peak roof (or target node) displacement, floor 
displacements, story drifts, story shears, and story overturning moments. The pushover 
curves were developed from nonlinear static analysis of computer models of these buildings 
and various demands estimated from the NSP methods. 
A comparison of peak roof (or target node) displacements estimated from the NSPs 
with the value derived from recorded motions shows that: (1) the NSPs either overestimate 
or underestimate the peak roof displacement for several of the buildings considered in this 
investigation; (2) the ASCE-41 Coefficient Method (CM), which is based on recent 
improvements to the FEMA-356 CM suggested in FEMA-440 document, does not 
necessarily provide a better estimate of roof displacement; and (3) the improved FEMA-440 
Capacity Spectrum Method (CSM) generally provides better estimates of peak roof 
displacements compared to the ATC-40 CSM. However, there is no conclusive evidence that 
either the CM procedures (FEMA-356 or ASCE-41) or the CSM procedure (ATC-40 or 
FEMA-440) lead to abetter estimate of the peak roof displacement when compared with the 
value derived from recorded motions. 
A comparison of the height-wise distribution of floor displacements, story drifts, 
story shears and story overturning moments indicates that the NSP provides: (1) reasonable 
estimate of floor displacements; (2) poor estimate of drifts in upper stories due to its inability 
to account for higher mode effects; (3) very poor, and possibly unreliable, estimates of story 
shears and story overturning moments. 
A comparison of pushover curves from various computer programs using different 
modeling assumptions led to significantly different pushover curves. This indicates 
significant sensitivity of pushover curves to modeling assumptions which may potentially 
lead to different results and conclusions from the NSP. 
The pushover curve for the entire building that was used in implementation of the 
NSP may not truly reveal the extent of nonlinearity in the building during an earthquake. 
This may occur for buildings in which strength and stiffness properties of lateral-load 
resisting elements (such as frames, walls) differ significantly. 
It is expected that various NSPs provide identical estimates of peak roof 
displacement for buildings responding in the linearly-elastic range during an earthquake. 
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While this expectation is found to be valid for flexible (long-period) buildings, it may not be 
valid for stiff (short-period) buildings. 
The improved FEMA-440 CSM generally provides better estimates of peak roof 
displacements compared to the ATC-40 CSM. 
There is no conclusive evidence that the CM procedures (FEMA-356 or ASCE-41) lead to 
better estimates of the peak roof displacement compared to the CSM procedure (ATC-40 or 
FEMA-440) or vice-versa. 
The NSP provides reasonable estimate of floor displacements but not for story drifts 
because of its inability to capture higher mode effects. 
The NSP provides very poor estimates of story shears and story overturning moments. It 
appears that estimates of these seismic demands from the NSP are unreliable and should not 
be used. 
It must be emphasized that the NSPs are typically designed to be used with smooth 
spectrum. Ideally, these procedures must be evaluated using a suite of design spectrum 
compatible ground motions, a wide range of buildings, and statistical analysis of results. 
Although, the evaluation of various NSPs in this investigation is conducted based on limited 
data – five buildings and one set of strong motion records for each building – and this 
investigation has led to some useful observations, it is still not possible to draw definitive 
conclusions about all aspects of various NSPs. More definitive conclusions may be drawn as 
additional data becomes available in future. 
A detailed investigation on the effects of modeling assumptions on the pushover 
curve of the Imperial County Services Building led to the following important observations: 
The model based on lumped-plasticity (or concentrated hinges) approach to modeling 
nonlinearity in the beam column element may provide lower failure displacement of the 
building compared to the model based on fiber-section approach. 
Increase in the concrete strength leads primarily to the increase in initial stiffness of the 
pushover curve whereas increase in steel strength leads to increase in strength of the 
pushover curve. 
Various computer programs and differences in modeling approaches in these 
programs may lead to significantly different pushover curves. Practicing engineers 
extensively use the pushover analysis for shorter buildings, and many are now beginning to 
use nonlinear RHA for taller buildings. Therefore, it is useful that we fully understand the 
effects of such modeling assumptions on response prediction. While the current study was 
primarily focused on evaluation of the NSP, further investigation into the effects of various 
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modeling assumptions is in progress; results of such investigation would be reported when 
completed. 
A comparison of base-shear demand from recorded motions with the base-shear 
strength from pushover analysis indicated that the demand exceeds the strength for several 
buildings. While a rational explanation has been provided for some of the buildings, such as 
higher than computed strength due to higher material strength compared to nominal values 
and increased material strength due to strain-rate effects, it may also be useful to examine the 
accuracy of the interpolated accelerations at non-instrumented floors. Note that the 
interpolated accelerations were used to compute floor forces which in turn were used to 
compute base-shear demand. Any errors in computation of accelerations at non-instrumented 
floors would obviously result in erroneous estimate of base-shear demand from recorded 
motions. 
 
2.2.19 Anil K. Chopra, et.al. (1999) 
The ATC-40 and FEMA-274 documents contain simplified nonlinear analysis 
procedures to determine the displacement demand imposed on a building expected to deform 
inelastically. The Nonlinear Static Procedure in these documents, based on the capacity 
spectrum method, involves several approximations: The lateral force distribution for 
pushover analysis and conversion of these results to the capacity diagram are based only on 
the fundamental vibration mode of the elastic system. The earthquake-induced deformation 
of an inelastic SDF system is estimated by an iterative method requiring analysis of a 
sequence of equivalent linear systems, thus avoiding the dynamic analysis of the inelastic 
SDF system. This last approximation was first evaluated in this report, followed by the 
development of an improved simplified analysis procedure, based on capacity and demand 
diagrams, to estimate the peak deformation of inelastic SDF systems. 
Several deficiencies in ATC-40 Procedure A were demonstrated. This iterative 
procedure did not converge for some of the systems analyzed. It converged in many cases, 
but to a deformation much different than dynamic (nonlinear response history or inelastic 
design spectrum) analysis of the inelastic system. The ATC-40 Procedure B always gives a 
unique value of deformation, the same as that determined by Procedure A if it converged. 
The peak deformation of inelastic systems determined by ATC-40 procedures were shown to 
be inaccurate when compared against results of nonlinear response history analysis and 
inelastic design spectrum analysis. The approximate procedure underestimates significantly 
the deformation for a wide range of periods and ductility factors with errors approaching 
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50%, implying that the estimated deformation is about half the “exact” value. Surprisingly, 
the ATC-40 procedure is deficient relative to even the elastic design spectrum in the 
velocity-sensitive and displacement-sensitive regions of the spectrum. For periods in these 
regions, the peak deformation of an inelastic system can be estimated from the elastic design 
spectrum using the well-known equal displacement rule. However, the approximate 
procedure requires analyses of several equivalent linear systems and still produces worse 
results. 
Finally, an improved capacity-demand-diagram method that uses the well-known 
constant-ductility design spectrum for the demand diagram had developed and illustrated by 
examples. This method gives the deformation value consistent with the selected inelastic 
design spectrum, while retaining the attraction of graphical implementation of the ATC-40 
methods. One version of the improved method is graphically similar to ATC-40 Procedure A 
whereas a second version is graphically similar to ATC-40 Procedure B. However, the 
improved procedures differ from ATC-40 procedures in one important sense. The demand 
was determined by analyzing an inelastic system in the improved procedure instead of 
equivalent linear systems in ATC-40 procedures. 
The improved method can be conveniently implemented numerically if its graphical 
features are not important to the user. Such a procedure, based on equations relating Ry and 
 for different T n ranges, was presented, and illustrated by examples using three different 
Ry T n relations. 
 
2.3 CRITICAL COMMENTS ON LITERATURE 
1. Short period structures are more vulnerable to earthquakes. 
2. Non-linear static (pushover analysis) is one of the best method of assessing 
performance of the structures. 
3. There are three methods of determining target displacement till date Capacity 
Spectrum Method gives more accurate result. 
4. The current nonlinear static procedures, when applied to nonlinear model of the 
building developed using generally accepted engineering practice may lead to either 
significant over-estimation or under-estimation of the target roof displacement when 
compared with the peak roof displacement observed during a selected earthquake. 
5. There is considerable shift in design procedure for earthquake loads as per IS-
1893:1962 to IS-1893:2002. Revision of 1893 is due, the structure which were 
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design as per older versions must be analysed to find stability of the structure as per 
current practice. 
6. It is observed that base shear is minimum for bare frame, and maximum for frame 
with infill. 
7. It is observed that the displacements obtained by Equivalent static analysis are 
higher than Dynamic analysis such as Response Spectrum and Time History 
Analysis. 
8. Equivalent static analysis is not sufficient when buildings are irregular buildings and 
it is essential to carry out Dynamic analysis due to non-linear distribution of force. 
9. Indian Standard IS 1893: 2002 allows analysis of open first storey buildings without 
considering infill stiffness but with a multiplication factor 2.5 in compensation for 
the stiffness discontinuity. As per the code the columns and beams of the open 
ground storey are to be designed for 2.5 times the storey shears and moments 
calculated under seismic loads of bare frames (i.e., without considering the infill 
stiffness). However, as experienced by the engineers at design offices, the 
multiplication factor of 2.5 is not realistic for low rise buildings. 
10. Capacity of the building significantly increases when ductile detailing is adopted. 
Also, it is found that affect on concrete grade and also steel are not that significant. 
11. With increase in ground floor column the maximum displacement, inter storey drift 
values are reducing. The base shear and overturning moment vary with the change in 
column dimension. 
12. Recent earthquakes in India show that not only non-engineered but also engineered 
buildings in our country are susceptible even to moderate earthquakes. 
13. There are many buildings which do not meet the current seismic requirement and 
suffer extensive damage during the earthquake. 
 
2.4 PROBLEM DEFINATION 
It is proposed to assess performance of existing G+4 regular reinforced concrete 
building using pushover analysis. 
 
2.5 AIM 
The project aims at applying the advancements in the field of earthquake engineering 
for assessing the performance of a structure during probable earthquake to avoid painful loss 
of life and property in future. 
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2.6 OBJECTIVE 
From the above discussion the objectives of the present study can be figure out as 
follows: 
1. To study behavior of short period structures under seismic loading. 
2. To perform pushover analysis of existing G+4 regular reinforced concrete building. 
3. To evaluate performance of the building during probable earthquake force.  
4. Comment on seismic stability of the building as per current available literature.  
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3.1 GENERAL  
 
Our project aims at doing seismic evaluation for the existing residential building 
located in Thane, by using non linear static analysis method. 
 
3.2 EQUIVALENT STATIC ANALYSIS. 
Equivalent static analysis defines a series of forces acting on a building to represent 
the effect of earthquake ground motion, typically defined by a seismic design response 
spectrum. It assumes that the building responds in its fundamental mode. For this to be true, 
the building must be low-rise and must not twist significantly when the ground moves. The 
response is read from a design response spectrum, given the natural frequency of the building 
(either calculated or defined by the building code). The applicability of this method is 
extended in many building codes by applying factors to account for higher buildings with 
some higher modes, and for low levels of twisting. To account for effects due to “yielding” of 
structure, many codes apply modification factors that reduce the design forces 
Inherently, equivalent static lateral force analysis is based on the following 
assumptions:- 
 Assume that structure is rigid. 
 Assume perfect fixity between structure and foundation. 
 During ground motions every point on the structure experience same accelerations 
Dominant effect of earthquake is equivalent to horizontal force of varying magnitude over 
the height. 
 Approximately determines the total horizontal force (Base shear) on the structure. 
However, during an earthquake structure does not remain rigid, it deflects, and thus base 
shear is disturbed along the height. 
3.2.1 The limitations of equivalent static analysis.     
 In the equivalent static force procedure, empirical relationships are used to specify 
Dynamic inertial forces as static forces. 
 These empirical formulas do not explicitly account for the dynamic characteristics of 
the Particular structure being designed or analyzed. 
 These formulas were developed to approximately represent the dynamic behavior of 
what are called regular structures (Structures which have a reasonably uniform 
distribution of mass and stiffness). For such structures, the equivalent static force 
procedure is most often adequate. 
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Structures that are classified as irregular violate the assumptions on which the 
empirical formulas, used in the equivalent static force procedure, are developed. Common 
types of irregularities in a structure include large floor-to-floor variation in mass or center 
of mass and soft stories etc. Therefore in such cases, use of equivalent static force 
procedure may lead to erroneous results. In these cases, a dynamic analysis should be used 
to specify and distribute the seismic design forces. 
 
3.2.2 Step by step procedure for Equivalent static analysis. 
Step-1: Depending on the location of the building site, identify the seismic zone and assign   
Zone factor (Z). 
 Use Table 2 along with Seismic zones map or Annex of IS-1893 (2002). 
 
Figure 3.1 Zone Factor. 
 
Step-2: Compute the seismic weight of the building (W) 
 As per Clause 7.4.2, IS-1893 (2002) – Seismic weight of floors 
 As per Clause 7.4.3, IS-1893 (2002) – Seismic weight of the building 
Step-3: Compute the natural period of the building (Ta) 
 Ta  = 0.075 h0.75  for RC frame building 
= 0.085 h0.75  for steel frame building 
As per Clause 7.6.1 or Clause 7.6.2, IS-1893 (2002), as the case may be. 
Step-4: Obtain the data pertaining to type of soil conditions of foundation of the building 
 Assign type, I for hard soil, II for medium soil & III for soft soil 
Step-5: Using Ta and soil type (I / II / III), compute the average spectral acceleration  
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Figure 3.2 Values for . 
 Use Figure 2 or corresponding table of IS-1893 (2002), to compute  
Step-6: Assign the value of importance factor (I) depending on occupancy and/or 
functionality of Structure 
 
Figure 3.3 Importance Factor. 
 As per Clause 7.2 and Table 6 of IS-1893 (2002), 
Step-7: Assign the values of response reduction factor (R) depending on type of structure 
 As per Clause 7.2 and Table 7 of IS-1893 (2002) 
Step-8: Knowing Z, Sa/g, R and I compute design horizontal acceleration coefficient(Ah) 
using the relationship, Using [Clause 6.4.2, IS-1893 (2002)] 
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ܣℎ = ܼܫܵܽ2ܴ݃  
Step-9: Using Ah and W compute design seismic base shear (VB), from 
Vb = Ah*W 
 [Clause 7.5.3, IS1893 (2002)] 
Step-10: Compute design lateral force (Oi) of ith floor by distributing the design seismic base 
Shear (Vb) as per the expression, Using [Clause 7.7.1, IS-1893 (2002)] 
                                         
 
3.3 RESPONSE SPECTRUM ANALYSIS. 
Response spectrum analysis permits the multiple modes of response of a building to be 
taken into account (in the frequency domain). This is required in many building codes for all 
except for very simple or very complex structures. The response of a structure can be defined 
as a combination of many special shapes (modes) that in a vibrating string correspond to the 
“harmonics”. Computer analysis can be used to determine these modes for a structure. For 
each mode, a response is read from the design spectrum, based on the modal frequency and 
the modal mass, and they are then combined to provide an estimate of the total response of the 
structure. In this we have to calculate the magnitude of forces in all directions i.e. X, Y & Z 
and then see the effects on the building. Combination methods include the following: 
 Absolute –peak values are added together 
 Square root of the sum of the squares (SRSS) 
 Complete quadratic combination (CQC) – a method that is an improvement on SRSS 
for closely spaced modes 
The result of a response spectrum analysis using the response spectrum from a ground 
motion is typically different from that which would be calculated directly from a linear 
dynamic analysis using that ground motion directly, since phase information is lost in the 
process of generating the response spectrum. 
In case where structures are either too irregular, too tall or significance to a community in 
disaster response, the response spectrum approach is no longer appropriate, and more 
complex analysis is often required, such as non-linear static analysis or dynamic analysis. 
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3.4 PUSHOVER ANALYSIS (NON LINEAR STATIC ANALYSIS). 
In pushover analysis, a pattern of forces is applied to a structural model that includes 
non-linear properties (such as steel yield), and the total force is plotted against a reference 
displacement to define a capacity curve. This can then be combined with a demand curve 
(typically in the form of an acceleration-displacement response spectrum (ADRS)). This 
essentially reduces the problem to a single degree of freedom (SDOF) system. 
Nonlinear static procedures use equivalent SDOF structural model and represent 
seismic ground motion with response spectra. Story drifts and component actions are related 
subsequently to the global demand parameter by the pushover or capacity curves that are basis 
of the non-linear static procedures. 
3.4.1 Necessity of Pushover Analysis (NLSA). 
The existing building can become seismically deficient since seismic design code 
requirements are constantly upgraded and advancement in engineering knowledge. Further, 
Indian buildings built over past two decades are seismically deficient because of lack of 
awareness regarding seismic behavior of structures. The widespread damage especially to RC 
buildings during earthquakes exposed the construction practices being adopted around the 
world, and generated a great demand for seismic evaluation and retrofitting of existing 
building stocks. 
 
3.4.2 What is Pushover Analysis (NLSA)? 
The pushover analysis of a structure is a static non-linear analysis under permanent 
vertical loads and gradually increasing lateral loads. The equivalent static lateral loads 
approximately represent earthquake induced forces. A plot of the total base shear verses top 
displacement in a structure is obtained by this analysis that would indicate any premature 
failure or weakness. The analysis is carried out up to failure, thus it enables determination of 
collapse load and ductility capacity. On a building frame, and plastic rotation is monitored, 
and lateral inelastic forces versus displacement response for the complete structure is 
analytically computed. This type of analysis enables weakness in the structure to be identified. 
The decision to retrofit can be taken in such studies. 
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3.4.3 Purpose of Push-over Analysis (NLSA)? 
The purpose of pushover analysis is to evaluate the expected performance of structural 
systems by estimating its strength and deformation demands in design earthquakes by means 
of static inelastic analysis, and comparing these demands to available capacities at the 
performance levels of interest. The evaluation is based on an assessment of important 
performance parameters, including global drift, inter-story drift, inelastic element 
deformations (either absolute or normalized with respect to a yield value), deformations 
between  elements, and element connection forces (for elements and connections that cannot 
sustain inelastic deformations), The inelastic static pushover analysis can be viewed as a 
method for predicting seismic force and deformation demands, which accounts in an 
approximate manner for the redistribution of internal forces that no longer can be resisted 
within the elastic range of structural behavior. The pushover is expected to provide 
information on many response characteristics that cannot be obtained from an elastic static or 
dynamic analysis.  
The most relevant element is that the analytical model incorporates all elements, 
whether structural or non structural, that contribute significantly to the lateral load 
distribution. Load transfer through across the connections through the ductile elements can be 
checked with realistic forces; the effects of stiff partial-height infill walls on shear forces in 
columns can be evaluated; and the maximum overturning moment in walls, which is often 
limited by the uplift capacity of foundation elements can be estimated. These benefits come at 
the cost of the additional analysis effort, associated with incorporating all important elements, 
modeling their inelastic load-deformation characteristics, and executing incremental inelastic 
analysis, preferably with three dimensional analytical models 
 
3.4.4 Target Displacement. 
The fundamental question in the execution of the pushover analysis is the magnitude 
of the target displacement at which seismic performance evaluation of the structure is to be 
performed. The target displacement serves as an estimate of the global displacement of the 
structure is expected to experience in a design earthquake. It is the roof displacement at the 
center of mass of the structure. In the pushover analysis it is assumed that the target 
displacement for the MDOF structure can be estimated as the displacement demand for the 
corresponding equivalent SDOF system transformed to the SDOF domain through the use of a 
shape factor. This assumption, which is always an approximation, can only be accepted within 
limitations and only if great care is taken in incorporating in the predicted SDOF 
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displacement demand all the important ground motion and structural response characteristics 
that significantly affect the maximum displacement of the MDOF structure. Inherent in this 
approach is the assumption that the maximum MDOF displacement is controlled by a single 
shape factor without regards to higher mode effects. Under the Non-linear Static Procedure, a 
model directly incorporating inelastic material response is displaced to a target displacement, 
and resulting internal deformations and forces are determined. The mathematical model of the 
building is subjected to monotonically increasing lateral forces or displacements until either a 
target displacement is exceeded, or the building collapses. The target displacement is intended 
to represent the maximum displacement likely to be experienced during the design 
earthquake. 
 
 
Figure 3.4 Target Displacement. 
 
3.4.5 Limitations of Non-Linear Static Analysis. 
There are many unsolved issues that need to be addressed through more research and 
development. Examples of the important issues that need to be investigated are: 
1. Incorporation of torsional effects (due to mass, stiffness and strength irregularities). 
2. 3-D problems (orthogonality effects, direction of loading, semi-rigid diaphragms, etc) 
3. Use of site specific spectra. 
4. Cumulative damage issues. 
5. Most importantly, the consideration of higher mode effects once a local mechanism has 
formed. 
Since the pushover analysis is approximate in nature and is based on static loading, as such it 
cannot represent dynamic phenomena with a large degree of accuracy. It may not detect some 
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important deformation modes that occur in a structure subjected to severe earthquakes, and it 
may significantly from predictions based on invariant or adaptive static load patterns, 
particularly if higher mode effects become important. 
 
3.5 MATHEMATICAL MODELLING 
 Open the ETABS Program 
 Check the units of the model in the drop-down box in the lower right-hand corner of 
the ETABS window, click the drop-down box to set units to KN-m 
 
Figure 3.5 Units in Etabs 
 
 Define the design code using Options > Preferences > Concrete Frame Design 
command 
 
Figure 3.6 Design Preference 
CHAPTER 3  METHODOLOGY 
 
AIKTC, New Panvel  39 
This will Display the Concrete Frame Design Preference form as shown below. 
 
 
 
Figure 3.7 Concrete Frame Design 
 
 Click the Define menu > Material Properties 
 Add New Material or Modify/Show Material used to define material properties 
 
 
Figure 3.8 Material Property 
 Define section columns and beams using Define > Frame section 
 Define beam sizes and click Reinforcement command to provided concrete cover 
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  Figure 3.9 Beam property   Figure 3.10 Reinforcement Detail 
 Define column sizes and click Reinforcement command to provided concrete cover 
and used two options Reinforcement checked or designed 
 
   
 
Figure 3.11 Column Property  Figure 3.12 Reinforcement Detail 
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 Define wall/slab/deck 
 
 
 
Figure 3.13 Slab Section 
 
 To define a slab as membrane element and one way slab define using special one way 
load distribution 
 
 
 
Figure 3.14 Slab Detail 
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 Generate the model. 
 Draw beam using Create Line Command, draw column using Create Column 
command and draw  slab using Draw Areas command 
 
 
 
Figure 3.15 Plan View 
 
 
 
Figure 3.16 3-D View 
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 Define Diaphragm as shown below 
 
 
 
Figure 3.17 Diaphragm data 
 
 Assign diaphragm 
 
Figure 3.18 Diaphragm 
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 Define  various loads (Dead, Live, Earthquake) 
 
Figure 3.19 Load Cases 
 Assign loads to slab and beams 
 Assign support condition 
 Define mass source 
 
Figure 3.20 Mass Source 
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 Define Response spectrum functions in X and Y directions 
 
Figure 3.21(a) Response Spectrum Case 
 
Figure 3.21(b) Response Spectrum Case 
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 Define Pushover cases: PUSHDOWN, PUSH X, PUSH Y 
as shown below 
 
Figure 3.22(a) Pushover Case 
 
Figure 3.22(b) Pushover Case 
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Figure 3.22(c) Pushover Case 
 Run Analysis 
 Display table for getting scale factor 
 Divide value of SEISX by value of SPECX and the value so obtained is scale factor 
for SPECX 
 Divide value of SEISY by value of SPECY and the value so obtained is scale factor 
for SPECY 
 
 
Figure 3.23(a) Scale Factor 
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Figure 3.23(b) Scale Factor 
 Define scale factor or SPECX and SPECY 
 
Figure 3.24(a) Scale Factor for Response Spectrum Case 
CHAPTER 3  METHODOLOGY 
 
AIKTC, New Panvel  49 
 
Figure 3.24(b) Scale Factor for Response Spectrum Case 
 Again run analysis 
 ANALYZE > RUN STATIC NONLINEAR ANALYSIS 
 Get the idealized pushover curve 
 Get Vy for X and Y axis loading 
 Calculate   (Target Displacement)for X and Y axis loading by using ASCE 41-06 
 
The coefficient C0 relates the elastic response of an SDF system to the elastic displacement of 
the MDF building at the control node taken as the first mode participation factor. From Table 
3-2 of ASCE 41-06, we can get C0 as,  
C0 = 1.35. 
Now, according to ASCE 41-06, 
 
 
Where a=site class factor and R is as given below, 
CHAPTER 3  METHODOLOGY 
 
AIKTC, New Panvel  50 
 
The value of “a” is equal to 130 for soil site class A and B, 90 for soil site class C, and 60 for 
soil site classes D, E, and F according to 3.3.3.3.2 of ASCE 41-06. Using expert opinion on 
the matter and referring suitable material on the subject the site class factor, a=60. The soil on 
site has been taken as belonging to “Class D” according to the parameters given in Clause 
1.6.1.4.1 of ASCE 41-06. 
And, according to Section 1.6.1.5.3 of ASCE 41-06, the generalized value of Sa can be found 
using either, 
 
 
 
 
According to 1.6.1.5.3 of ASCE 41-06, due to absence of external cladding and presence of 
simple RC frame, the damping of the structure is assumed to be 2%. 
Hence, β=0.02 , and thus, 
B1= 
ସ
ହ.଺ି଴.଺ଽଷ 
Since Thane is in Zone III, which fall under the category of low level of seismicity, according 
to the Table 1-6 of ASCE 41-06, 
Sxs=0.167 
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Since the effective fundamental time period is 0.22s in X-direction and 0.38s in Y-direction 
we can assume T0 <T <Ts (plateau region of the spectral curve). 
Hence using, 
 
Sa = 
଴.ଵ଺଻
଴.଼ଵହ = 0.2040907 
Also, from the graph, we get Vy =3300 kN (in X axis loading) and Vy =3180 kN (in Y axis 
loading) 
Total Seismic Weight of the building according to the calculations, W = 26965.59 kN. 
According to Table 3-1 (ASCE 41-06), 
Cm= 0.9 
Hence, substituting values in, 
 
 
we get,  
R =1.506(in X axis loading), 
R=1.657(in Y axis loading) 
Substituting the values in the formula for C1 and C2, we get, 
 
C1 =1.171(in X axis loading), 
C1 =1.076(in Y axis loading) 
and 
C2 =1.136(in X axis loading), 
C2 =1.004(in Y axis loading) 
Using, the above calculated values in the target displacement formula, 
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δt =4.437mm(in X axis loading), 
δt =10.72mm(in Y axis loading) 
Hence the pushover curve for the structure with x-axis loading will be loaded for a 
displacement of 150% of δt which is 6.65mm (in X direction)  and 16.08mm (in Y 
direction)at the top node. 
 
 
Figure 3.25 Idealized pushover curve: x axis loading 
 
 
Figure 3.26 Idealized pushover curve: y axis loading 
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4.1 RESULTS 
 For x-axis loading 
No hinge formed in x-axis loading till the last step (10). 
 
 
Figure 4.1 Deformed shape for x-axis loading. 
 
 For y-axis loading 
Hinges formed in y-axis loading from step 9. 
 
 
Figure 4.2(a) Deformed shape for y-axis loading. 
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Figure 4.2 (b) Deformed shapes for y-axis loading. 
 
 
 
Figure 4.2(c) Deformed shape for y-axis loading. 
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4.2 DISCUSSION 
 
 The pushover analysis was an ideal method used to explore the non-linear behavior 
of the structure and for assessing the inelastic strength and deformation demands and 
for exposing design weakness. 
  The materials assumed were (M20) Mander’s concrete and (Fe415) bilinear steel. 
  The performance criteria for the material in the simulation was: crushing strain limit 
for unconfined concrete -0.0035; crushing strain limit for confined concrete -0.008; 
yield strain limit for steel -0.0025; fracture strain limit for steel -0.060. 
 The pushover curve obtained upon loading the structure to collapse was converted to 
an idealized force-displacement plot. 
  Target displacement is calculated according to displacement coefficient method. 
 The structure analyzed to the target displacement limit has shown no failure. 
 The pushover analysis shows very few hinge formations in beams. 
  Hence according to this study, the building is completely safe but needs minor 
retrofitting. 
 
 
CHAPTER 5   CONCLUSION 
 
AIKTC, New Panvel  56 
5.1 CONCLUSION 
 The pushover analysis is a useful tool for assessing the inelastic strength and 
deformation demands and for exposing design weakness. The pushover analysis is a 
relatively simple way to explore the non-linear behavior of the structure. 
 The pushover analysis is undertaken by loading the structure to the calculated base 
shear for limiting displacement, then the structure is pushed to a state of complete 
collapse and a pushover curve is obtained using Etabs v2009. 
 Taking into account the low level of seismicity of Thane and the characteristic 
features of the structure and using ASCE 41-06, the target displacement is calculated. 
 Upon loading the structure to the calculated base shear and limiting the displacement 
of control node, the pushover analysis reveals the structure is SAFE and hence the 
building needs minor retrofitting. 
 
 
5.2 FUTURE SCOPE OF STUDY 
 
 An inclusion of shear failure limits in the performance criteria may lead to a better and 
more comprehensive understanding of the building’s behavior. 
  Non-linear time history analysis can be used for the structure to have a more accurate 
assessment of the structure’s capacity and understanding a more realistic demand 
scenario. 
 
